
Abstract The sandbar shark, Carcharhinus plumb-

eus, is a wide-ranging coastal species in tropical and

temperate regions, and it is the most common species

of shark in Hawaii, as in many locations where it

occurs. Information on the diet and feeding habits of

this species in the Pacific Ocean are extremely lim-

ited. For this study we quantified the diet of sandbar

sharks in Hawaii based on records collected during

the Hawaii Cooperative Shark Research and Control

Program from 1967 to 1969. During this program a

total of 565 stomachs were examined, of which 265

contained food. Sharks ranged in size from 59 to

190 cm total length. Teleosts were the most common

prey group, but both cephalopods and crustaceans

also occurred frequently. Ontogenetic changes in diet

of sandbar sharks were apparent, with crustaceans

forming a greater proportion of the diet of smaller

sharks. Both cephalopods and elasmobranchs in-

creased in importance with increasing shark size.

Prey diversity also increased with size, with large,

mobile, and reef prey species found more commonly

in the diet of larger sharks. Mature male and female

sharks appeared to segregate by depth, though major

differences in the diet between the sexes were not

apparent. However, there was some evidence of

dietary differences between sharks caught in different

depths and seasons. The results of this study suggest

that sandbar sharks in Hawaii and throughout the

world, are primarily piscivores, but also consume a

variety of invertebrate prey, and that their diet varies

with geographical location and stage of development.
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Introduction

The sandbar shark, Carcharhinus plumbeus, is a

widespread coastal species found in warm and
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temperate seas on both sides of the Atlantic Ocean

including the Mediterranean Sea, the Western Indian

Ocean, the Western Pacific Ocean, and the Hawaiian

Islands (Taniuchi 1971; Wass 1973; Compagno 1984;

Cliff et al. 1988). This species is most often found in

coastal waters, and uses bays, estuaries and shallow

near-shore habitats as nursery areas during the first

few years of their lives (Springer 1960; Compagno

1984; Carlson 1999; Merson and Pratt 2001), how-

ever, in Hawaii the young sharks are not found in

estuaries but occur in deeper waters. Sandbar sharks

are one of the most common species caught in di-

rected commercial shark fisheries off the U.S. east

coast and Gulf of Mexico and account for the second

highest landings of any shark species in the United

States (NMFS 1993).1 As a result of a combination of

the life history characteristics (slow growth, late

maturity, and few offspring) of sandbar sharks and

elevated fishing pressure, sandbar shark populations

off the U.S. east coast declined dramatically over the

past several decades, and sandbar sharks were in-

cluded in a federal management plan to enhance

recovery of stocks (Sminkey and Musick 1995;

NMFS 2003).2

A number of aspects of the biology of sandbar

sharks have been well studied in the Western Atlantic

and several other locations. Movement patterns, dis-

tribution, and demographics have been investigated

primarily in the Western Atlantic (Baughman and

Springer 1950; Springer 1960; Cortés 1999; Rechisky

and Wetherbee 2003). Several studies have examined

age and growth in sandbar sharks in the Atlantic and

have suggested that this species reaches maturity at

between 15 and 30 years of age (Casey et al. 1985;

Casey and Natanson 1992; Sminkey and Musick

1995). Reproductive characteristics have been

examined at a number of locations where this species

occurs, including the Western Atlantic Ocean

(Springer 1960; Clark and von Schmidt 1965; Bran-

stetter 1981), the Indian Ocean (Wheeler 1962; Bass

et al. 1975; Baranes and Wendling 1981; Capapé

1984; Cliff et al. 1988) and the Pacific Ocean (Tan-

iuchi 1971; Wass 1973; Stevens and McLoughlin

1991; Joung and Chen 1995). Size at maturity, size at

birth, litter size, and parturition time were found to

vary among these locations.

Sandbar sharks have been the subject of a suite of

studies on rate of food passage, quantification of rate

of consumption, and the role of these sharks in

nursery areas along the U.S. east coast (Medved and

Marshall 1981; Medved et al. 1988; Stillwell and

Kohler 1993). Feeding habits of sandbar sharks have

been described through qualitative listing of prey

items found in stomachs (Springer 1946; Baughman

and Springer 1950; Springer 1960; Clark and von

Schmidt 1965; Bass et al. 1975) and more extensive

quantitative studies of stomach contents (Medved

et al. 1985; Stevens and McLoughlin 1991; Stillwell

and Kohler 1993). These studies indicate that the

general diet of adult sharks includes a wide variety of

mostly benthic teleosts, elasmobranchs (predomi-

nately Raja sp.) and in some regions cephalopods.

The diet of juveniles is characterized by consumption

of a large proportion of crustaceans, especially crabs,

and much smaller quantities of fish and elasmo-

branchs.

Although there have been reports on the diet of

sandbar sharks from the Atlantic and Indian oceans,

there have been few records on feeding habits of

sandbar sharks in the Pacific. In Hawaii, sandbar

sharks are the most common species of coastal shark

(Wetherbee et al. 1994), yet reports on the food habits

of sandbar sharks in Hawaiian waters have not been

published. During the 1960s and 1970s several large-

scale shark control programs were conducted in Ha-

waii, during which several thousand sharks were

caught and dissected (Tester 1969;3 Wetherbee et al.

1994). For the majority of sharks captured and killed

during these control programs, information on stom-

ach contents and reproduction was collected. This

extensive database has been the source of several

studies on the biology of sharks common in Hawaiian

waters (Crow et al. 1996; Lowe et al. 1996; Weth-

erbee et al. 1996, 1997). Although sandbar sharks

were the most common species captured in these

control programs, accounting for nearly 50% of

sharks landed, the only publication resulting from

these data to date has been that of Wass (1973) on

growth and reproduction. The purpose of the present

1 NMFS (1993) Fishery Management Plan for Sharks of the

Atlantic Ocean. 167 pp.
2 NMFS (2003) Final Amendment 1 to the Fishery Manage-

ment Plan for Atlantic Tunas, Swordfish, and Sharks. 512 pp.

3 Tester AL (1969) Cooperative shark research and control

program final report 1967–1969. University of Hawaii, Hono-

lulu.
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study was to analyze historical data on diet of sandbar

sharks collected during large-scale shark control

programs in Hawaii and to compare the feeding

habits of sandbar sharks in Hawaii with other

locations.

Methods

Data examined was collected during the Hawaii

Cooperative Shark Research and Control Program.

Stomachs of 565 out of 788 sandbar sharks captured

between 1 June 1967 and 30 June 1969 were exam-

ined for prey (Tester 1969). Sharks were caught using

standard longlines, light tackle longlines (consisting

of 12 hooks) and handlines. Fishing was conducted at

77 designated stations around the eight main

Hawaiian Islands, with the greatest effort concen-

trated around the island of Oahu. The majority of

sharks were caught on standard longlines, which

consisted of three 800 m sections with 24 hooks per

section, set parallel to shore at an average depth of

45 m. Sets were made late in the afternoon and

hauled back the next morning. The primary bait used

was skipjack tuna, Katsuwonus pelamis (see Weth-

erbee et al. 1994).

Depth of capture, precaudal length (PCL), total

length (TL), gender, and weight (occasionally) were

recorded for each shark. Because PCL was not

reported for all individuals all lengths referred to in

this study are TL. Sharks were divided into three size

classes for analysis of ontogenetic trends, small

(< 125 cm), medium (125–150 cm), and large

(>150 cm). The 150 cm division was based on the

approximate size at maturity (144 cm for males and

155 cm for females) for this population (Wass 1973).

The 125 cm division was based on dietary shifts that

appeared to occur when sharks approached this size.

Prey found in stomachs were identified to the

lowest possible taxon and were quantified as percent

occurrence (%O), the number of stomachs that con-

tained a prey item as a percentage of all stomachs that

contained prey. Because many prey items were only

identified to family, all analyses were conducted at

this level. Cumulative diversity curves were fit to the

data to evaluate the adequacy of the sample size for

precisely describing the diet. A diversity curve (or a

cumulative prey curve) reaches an asymptote as the

sample size becomes sufficient to describe the entire

breadth of the diet (Cailliet et al. 1986; Cortés 1997).

The Shannon–Weiner diversity index was used

(Cailliet et al. 1986; Krebs 1999), with the order of

the cumulative stomachs randomized 10 times to

eliminate bias (Ferry and Cailliet 1996, Cortés 1997).

Prey diversity was calculated for all three size

classes using diversity indices of Shannon–Weiner

(H¢) and Levin’s (BA) (Krebs 1999). Dietary overlap

between groups of sandbar sharks was calculated

using the Simplified Morisita Index (CH) and the

percentage overlap (Pjk), or Schoener Index (Krebs

1999). The standardized form of both indices was

used, resulting in values ranging from 0 to 1, with 1.0

indicating identical diets, and 0 representing no

common dietary items. Overlap values of CH were

considered low (0–0.29), medium (0.3–0.59), or high

(>0.60) according to Langton (1982). The simplified

Morisita index was found to produce homogeneous

results when the number of prey categories was

varied (Cortés 1997). Therefore, this is an appropriate

measure even with identification only to the family

level. The category ‘unidentified teleosts’ was ex-

cluded from overlap calculations, as it was extremely

common in the diets of all sharks, and would have

obscured differences in the diets. The community

similarity between groups of sharks was also calcu-

lated, using all prey categories (Smith et al. 1990).

This analysis of similarity (ANOSIM) test was done

using PRIMER software (v 6.0). Jacard’s coefficient

was used to obtain the similarity matrix, which was

then tested for differences in similarity between and

within groups, and if overall significant differences

were found, follow up tests were performed.

Results

Stomach content data from 565 sandbar sharks caught

in the control program were analyzed in this study.

Sharks ranged in size from 59 to 190 cm with a

length–weight relationship given by the equation:

Weight = 2e)06 TL3.2806 (with weight in kg and total

length (TL) in cm; r2 = 0.967, n = 327). Because

PCL is less variable than TL and for comparison with

the many studies that express length as PCL, a

regression equation was calculated for PCL and TL

(PCL = 0.7812*TL)2.5121; r2 = 0.988, n = 583).
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Females composed 63% (355) and males 37% (209)

of sharks for which sex was recorded. Of the 565

stomachs examined, 265 (53%) contained food. The

proportion of males (54%) with food in stomachs was

significantly higher than for females (43%)

(v2 = 6.68, df = 1, P < 0.05). The proportion of

sharks with empty stomachs was similar among size

classes (v2 = 0.343, df = 2, P > 0.05). Comparison of

the cumulative trophic diversity and number of

stomachs sampled did not result in a strongly

asymptotic curve (Fig. 1). The slope of the curve did

begin to increase less rapidly as if approaching an

asymptote, but the lack of a distinct asymptote sug-

gests that the sample size for this study may have

been inadequate to fully describe the array of prey

items in the diet of sandbar sharks in Hawaii.

In general, the diet of sandbar sharks was domi-

nated by teleosts, which occurred in 70.6% of stom-

achs containing food (Table 1). A wide variety of

teleost species, including 28 families, were recorded

from stomachs. Cephalopods occurred in 26.8% of

stomachs, with octopus representing the largest pro-

portion (18.1%). Crustaceans occurred in 18.9% of

stomachs and included a diversity of taxa, most

commonly stomatopods and crabs. Elasmobranchs,

undigestible items, and a few miscellaneous prey also

occurred in the diet, but were not major contributors.

Although teleosts were the predominant prey

found in all shark size groups, several ontogenetic

changes in the diet of sandbar sharks were observed

(Fig. 2). Sharks in the small size class consumed a

larger proportion of crustaceans than sharks in the

larger two size classes. Stomatopods were the domi-

nant crustacean consumed by small sharks, but were

uncommon in stomachs of the two larger size classes.

Cephalopods occurred more frequently in stomachs

of the two larger size classes, with octopus most

common. Elasmobranchs did not occur in the small

size class, but were present in small numbers for both

larger size classes. Teleosts occurred least frequently

in the medium size class, but these sharks also con-

sumed a greater proportion of cephalopods. Though

many teleost remains in stomachs were not identifi-

able, several families of reef associated fishes

(Sygnathidae, Diodontidae, Holocentridae) and ben-

thic fishes (Labridae, Mullidae) occurred only in the

largest or two largest size classes of sandbar sharks

(Table 1). Faster swimming families, e.g. Carangi-

dae, and families with larger species, e.g. Scaridae,

also occurred only in the two larger size classes.

Dietary overlap values calculated with the Sim-

plified Morisita Index, CH, for comparison of small

and medium and small and large size groups fell just

above the high range according to Langton’s scale

(1982), and were very high between large and med-

ium sharks (Table 2). The percentage overlap index

(Pjk) indicated the same pattern, that overlap was

greatest between medium and large sized sharks, and

least between large and small size classes. The results

of the ANOSIM test indicated that the diets of the

three size classes were not significantly different

(Global R=)0.003, P=0.554). Dietary diversity in-

creased with increasing size according to the Shan-

non–Weiner index of diversity (H¢), with values of

2.42 for small sharks, 2.81 for the middle size class,

and 3.19 for large sharks. The standardized Levin’s

index also suggested that small sharks had the lowest

diet diversity (2.67), and that diversity of the medium

(4.50) and large size classes (4.10) were considerably

higher.
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Fig. 1 Cumulative prey

diversity curves for sandbar

sharks, Carcharhinus

plumbeus, caught during the

Hawaii Cooperative Shark

Research and Control

Program, 1967–1969. The

Shannon–Weiner Index (H¢)
was used. Stomach order

was randomized 10 times,

and the mean values are

presented
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Table 1 The number and percentage of occurrence (%O) of each prey taxa in the stomachs of sandbar sharks, Carcharhinus

plumbeus, caught during the Hawaii Cooperative Shark Research and Control Program, 1967–1969

Dietary Item < 125 cm TL 125–150 cm TL >150 cm TL All sharks

N %O n %O N %O n %O

Cephalopod 13 22.03 22 31.43 36 26.87 73 26.79

Unid. cephalopod 3 5.08 5 7.14 6 4.48 14 5.28

Octopus 7 11.86 15 21.43 26 19.40 48 18.11

Squid 3 5.08 2 2.86 6 4.48 11 4.15

Teleost 45 76.27 42 60.00 98 73.13 204 70.57

Unid. teleost 33 55.93 27 38.57 58 43.28 120 45.28

Unid. eel 0 0.00 2 2.86 2 1.49 4 1.51

Unid. Sygnathid 0 0.00 0 0.00 5 3.73 5 1.89

Acanthuridae 1 1.69 0 0.00 4 2.99 5 1.89

Aulostomidae 0 0.00 1 1.43 1 0.75 2 0.75

Balistidae 0 0.00 0 0.00 1 0.75 1 0.38

Belonidae 1 1.69 0 0.00 0 0.00 1 0.38

Bothidae 2 3.39 0 0.00 0 0.00 2 0.75

Carangidae 0 0.00 3 4.29 2 1.49 5 1.89

Chaetondontidae 1 1.69 0 0.00 1 0.75 2 0.75

Callionymidae 0 0.00 0 0.00 1 0.75 1 0.38

Congridae 0 0.00 0 0.00 2 1.49 2 0.75

Diodontidae 0 0.00 0 0.00 5 3.73 5 1.89

Exocoetidae 0 0.00 1 1.43 1 0.75 2 0.75

Fistularidae 0 0.00 0 0.00 2 1.49 2 0.75

Holocentridae 0 0.00 2 2.86 1 0.75 3 1.13

Labridae 0 0.00 3 4.29 6 4.48 9 3.40

Lutjanidae 1 1.69 0 0.00 1 0.75 2 0.75

Monacanthidae 2 3.39 0 0.00 1 0.75 3 1.13

Mullidae 0 0.00 2 2.86 2 1.49 4 1.51

Muraenidae 2 3.39 2 2.86 3 2.24 7 2.64

Ostraciontidae 0 0.00 1 1.43 0 0.00 1 0.38

Priacanthidae 0 0.00 1 1.43 1 0.75 2 0.75

Scaridae 0 0.00 2 2.86 4 2.99 6 2.26

Scombroidae 1 1.69 0 0.00 0 0.00 1 0.38

Scorpaenidae 1 1.69 0 0.00 1 0.75 2 0.75

Sphyraenidae 0 0.00 0 0.00 1 0.75 1 0.38

Synodontidae 1 1.69 0 0.00 0 0.00 1 0.38

Tetraodontidae 0 0.00 0 0.00 1 0.75 1 0.38

Triglidae 1 1.69 0 0.00 0 0.00 1 0.38

Zanclidae 0 0.00 0 0.00 1 0.75 1 0.38

Elasmobranch 0 0.00 3 4.29 3 2.24 6 2.264

Unid. Elasmobranch 0 0.00 1 1.43 0 0.00 1 0.38

Shark 0 0.00 2 2.86 1 0.75 3 1.13

Ray 0 0.00 0 0.00 2 1.49 2 0.75

Crustacean 16 27.12 11 15.71 23 17.16 51 18.87

Unid. Crustacean 5 8.47 7 10.00 5 3.73 17 6.42

Crab 1 1.69 2 2.86 6 4.48 9 3.40

Lobster 0 0.00 0 0.00 5 3.73 5 1.89

Shrimp 1 1.69 1 1.43 3 2.24 5 1.89

Stomatopod 10 16.95 1 1.43 3 2.24 14 5.28

Isopoda 0 0.00 0 0.00 1 0.75 1 0.38

Undigestable 1 1.69 2 2.86 5 3.73 8 3.02

Coral 0 0.00 2 2.86 1 0.75 3 1.13

Rock 1 1.69 0 0.00 0 0.00 1 0.38

Plant 0 0.00 0 0.00 3 2.24 3 1.13

Cellophane 0 0.00 0 0.00 1 0.75 1 0.38

Gastropod 0 0.00 1 1.43 1 0.75 2 0.75
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There appeared to be changes in the frequency of

occurrence of several major prey categories on a

seasonal basis. The occurrence of teleost prey was

lower in summer and fall than during winter, whereas

crustaceans and cephalopods tended to occur more

frequently in summer and fall (Fig. 3). Apparent

seasonal differences in the diet of sandbar sharks

raised the question of distributional differences

among sharks on the basis of season, gender, and

size. Depth of capture data suggests that mature

Table 1 continued

Dietary Item < 125 cm TL 125–150 cm TL >150 cm TL All sharks

N %O n %O N %O n %O

Porpoise 0 0.00 1 1.43 0 0.00 1 0.38

Land mammal 0 0.00 0 0.00 1 0.75 1 0.38

Ophiurids 0 0.00 1 1.43 0 0.00 1 0.38
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Fig. 2 The percent

occurrence of the major

prey categories found in the

stomachs of three size

classes of sandbar sharks,

Carcharhinus plumbeus,

caught during the Hawaii

Cooperative Shark

Research and Control

Program, 1967–1969

Table 2 The dietary overlap values, excluding unidentified teleosts, for three size classes of sandbar sharks in the Hawaiian Islands.

Values were calculated with the standardized forms of the Simplified Morisita Index (A) and Percentage Overlap Index (B)

Size class Small Medium Large N

A

Small – – – 59

Medium 0.642 – – 70

Large 0.625 0.880 – 134

B

Small – – – 59

Medium 0.465 – – 70

Large 0.460 0.635 – 134
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sandbar sharks were segregated by depth. The overall

ratio of mature females to mature males was 1.7:1,

but for sharks caught at depths of less than 36 m,

more than five times as many mature females were

captured (Fig. 4). At depths greater than 110 m, the

number of males was more than three times the

number of females captured. Although there appeared

to be an increase in the proportion of males captured

at shallower depths in early summer, when these

sharks are thought to mate, small sample sizes pre-

cluded statistical analyses of this apparent trend.

Immature sharks were captured at all depth intervals,

but tended to occur at greater depths than mature

females and were captured most often at depths be-

tween 73 and 109 m (Fig. 4).

The occurrence of several prey items in stom-

achs of sharks appeared to be influenced by the

depth at which sharks were captured. For example,

cephalopods (both squid and octopus) occurred in

40% of stomachs of sharks captured between 18

and 35 m and in 30% of stomachs of sharks

captured at depths of 36–53 m, but in only 10% of

stomachs of sharks captured at depths greater than

73 m (Fig. 5). Stomachs of sharks captured at

greater depths contained a greater proportion of

teleosts and crustaceans.
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Despite differences in depth distribution of males

and females and the depth-related occurrence of prey,

dietary overlap between the sexes (at the family le-

vel) was extremely high. In a comparison of mature

males and females, the Simplified Morisita Index was

0.802 and the percentage overlap index was 0.733.

This analysis excluded unidentified teleosts, which

was frequent in both sexes. ANOSIM found no sig-

nificant difference in diet between the sexes (Global

R = 0.003, P = 0.326). The most notable difference

between the diet of mature males and females was in

the occurrence of crustaceans, found in stomachs of

28% of males and only 12% of the females.

Discussion

Nearly half (47%) of sandbar sharks captured in

Hawaii had empty stomachs. This proportion is

similar to the 51% empty stomachs reported for large

juvenile and adult sandbar sharks in the western

Atlantic (Stillwell and Kohler 1993), and slightly

higher than for sandbar sharks from northern Aus-

tralia (36%) (Stevens and McLoughlin 1991). Several

studies have reported a low frequency (18–20%) of

empty stomachs for neonate and juveniles sandbar

sharks captured in nursery areas (Medved et al. 1985;

Stillwell and Kohler 1993). A high percentage of

empty stomachs is not uncommon in studies of

coastal carcharhinid species captured by long-

line—61% empty in gray reef sharks, Carcharhinus

amblyrhynchos (Wetherbee et al. 1997), 46% in

Galapagos sharks, C. galapagensis (Wetherbee et al.

1996), and 61% in dusky sharks C. obscurus (Gelsl-

eichter et al. 1999). Sampling with non-baited gear

(such as gillnet) frequently results in relatively lower

percentages of empty stomachs (Medved 1985;

Wetherbee et al. 1990).

The cumulative diversity curve does not achieve a

distinct asymptote, indicating that even a sample size

as large as 265 individuals may be insufficient to

adequately characterize the diet of sandbar sharks in

Hawaii, i.e. the occurrence of all the rare items.

However, the sample size is sufficient to reveal major

prey consumed and to observe general trends in the

diet. In other studies on the diets of sharks, asymp-

totes were also not achieved for some species or size

classes (Simpfendorfer 1998; Gelsleichter et al. 1999;

Bethea et al. 2004).

The diet of sandbar sharks in the main Hawaiian

Islands was dominated by teleosts, the majority of

which were benthic or reef-associated species. The

occurrence of teleosts in 70% of sandbar shark

stomachs is similar to reports for two other common

coastal carcharhinid sharks in Hawaiian waters, the

Galapagos shark and the gray reef shark (Wetherbee

et al. 1996, 1997). The diet of sandbar sharks in other

locations throughout the world is also dominated by

teleosts, but small sandbar sharks in nursery areas

may feed to a much greater extent on invertebrate

prey (Table 3). Teleosts occurred in 43% of adult

sandbar sharks in the western North Atlantic (Still-

well and Kohler 1993), in 88% of stomachs of sharks

from Australia (Stevens and McLoughlin 1991) and

in 70% of stomachs of sharks from South Africa

(Cliff et al. 1988). In each location, a variety of

0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100.0
110.0
120.0
130.0
140.0

18-35 36-54 55-72 73-90 91-109 110+

Depth (m)

P
er

ce
nt

 O
cc

ur
en

ce

TELEOST CEPHALOPOD CRUSTACEAN

Fig. 5 The dietary

composition for sandbar

sharks in the Hawaiian

Islands caught at different

depths. Data are in

percentage of total

stomachs sampled at each

depth in which each prey

category occurred. Depth

zones are based on 10

fathom intervals

123

88 Environ Biol Fish (2006) 76:81–92



teleosts was consumed, but the species were pre-

dominantly demersal. Elasmobranchs were of minor

importance in the diet of sandbar sharks in Hawaii

(2.3%) in comparison to other locations where they

(primarily skates, Raja sp.) occurred in a greater

proportion of stomachs—16% in the western North

Atlantic and 17% in South Africa (Cliff et al. 1988;

Stillwell and Kohler 1993).

Benthic invertebrates were important components

of the diet of sandbar sharks in Hawaii and in other

locations. Cephalopods (primarily octopus) occurred

in roughly one quarter of stomachs of sharks from

Hawaii (27%) and Australia (22%) (Stevens and

McLoughlin 1991), but were consumed by a much

higher proportion of sharks (57%) in South Africa

(Cliff et al. 1988) and rarely by sharks (3%) in the

western North Atlantic (Stillwell and Kohler 1993).

Crustaceans were also a common prey item in

stomachs of sharks from Hawaii (19%) and South

Africa (17%), but were less common (8%) in Aus-

tralia and nearly absent (~1%) in larger sharks in the

western North Atlantic (Cliff et al. 1988; Stevens and

McLoughlin 1991; Stillwell and Kohler 1993).

Juvenile sandbar sharks occupying nursery areas

along the U.S. east coast may rely much more heavily

on crustacean prey. Crustaceans, especially soft

shelled blue crab, occurred in relatively high pro-

portions of stomachs of juvenile sharks from the

Chincoteague Bay nursery in Virginia in studies by

both Medved et al. (1985) (72%) and by Stillwell and

Kohler (1993) (82%). Overall diets of juveniles in

both of these studies in the Virginia nursery were

extremely similar. Juvenile sandbar sharks in Dela-

ware Bay also consume large numbers of crustaceans

(45% by occurrence), but teleosts occur even more

often in the stomachs (51%) (McElroy unpublished

data). Crustaceans were important in the diet of

young sandbar sharks in waters around Chesapeake

Bay, but their importance compared to teleost prey

was found to vary between habitats (Ellis 2003).4

Crustaceans may be more prevalent in the diet of

juveniles than adults throughout their range, but the

degree of importance varies among habitats. A major

different between sandbar sharks in Hawaii and other

locations is that in Hawaii juvenile sharks do not

occupy shallow bays and estuaries, which would

result in habitat and prey availability differences in

Hawaii compared to other locations.

The values of CH indicated high overlap among

the three size classes, and the ANOSIM tests also

found no significant differences in diet among the

size classes. The results of these analyses may be

attributable to several aspects of the dataset. The

level of identification of stomach contents was

coarse, and ‘‘unidentified teleosts’’ was the most

common prey item in all shark groups analyzed. This

tended to elevate similarity among size groups, and

diminish differences that may be detected through

such analyses. Optimally, analysis would be con-

ducted on data with most prey identified to the

species level, and with a large sample size repre-

senting each size class. Also variability in the size of

the prey consumed, by different sized sharks, is

Table 3 Diet of sandbar sharks as percent occurrence (%O) from various locations throughout their distribution

Hawaii1 W. N. Atlantic2 N. Australia3 S. Africa4 Virginia nursery5

Teleosts 70.6 43.0 88.0 69.7 36.8

Cephalopods 26.8 3.0 22.0 57.3 1.2

Crustaceans 18.9 ~1.0 8.0 16.9 72.0

Elasmobranchs 2.3 16.0 – 17.4 1.7

Size range (TL) 59–190a 81–256b 66–208a 95–202c 46–95b

# Stomachs w/food 265 (53%) 157 (49%) 116 (64%) 178 (n/a) 340 (82.1%)

Total n 565 321 181 n/a 414

1Present study; 2Stillwell and Kohler (1993); 3Stevens and McLoughlin (1991); 4Cliff et al. (1988); 5Estimated from Medved et al.

(1988)
aTotal Length
bConverted from fork length using regression in Kohler et al. (1995)
cConverted from precaudal length using regression in this study

4 Ellis JK (2003) Diet of the sandbar shark, Carcharhinus

plumbeus, in Chesapeake Bay and adjacent waters. Mater’s

thesis. College of William and Mary, Gloucester Point, Vir-

ginia.
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obscured by the use of broad prey identification at the

family level. Additionally, the inclusion of multiple

indices, i.e. by number, weight, or volume, would

improve the ability of these analyses to discern dif-

ferences in diets than exclusive use of %O. In gen-

eral, the utilization of multiple indices or a

combination of indices, i.e. Index of Relative

Importance (IRI), allows for a stronger and more

balanced analysis of the diet.

Even with these limitations, there did appear to be

some ontogenetic dietary changes observed for

sandbar sharks in Hawaii. The importance of major

prey taxa varied among size classes and larger sharks

tended to prey upon a wider range of species, espe-

cially for teleosts, than did smaller sharks. Teleost

and crustacean prey in larger sharks included more

species that inhabit reefs, and suggests that young

sharks expand their use of new habitats or increase

their ability to hunt new prey. There was also a shift

from consumption of smaller crustaceans (stomato-

pods) to larger crustaceans (crabs and lobster) as

sharks increased in size. Although few sandbar sharks

in Hawaii preyed upon elasmobranchs, this prey type

was found only in stomachs of sharks belonging to

the larger size classes. In the western North Atlantic

Ocean there appeared to be more pronounced changes

in diet of sandbar sharks with increased size, where

crustaceans dominate the diet of juvenile sharks

occupying nursery areas, compared with the domi-

nance of teleost and elasmobranch prey in larger size

classes (Medved et al. 1988; Stillwell and Kohler

1993, Ellis 2003).4 Predation on crustaceans appears

to be a common characteristic of young sandbar

sharks, and so this prey group may provide an

abundant or easily caught food source while the

sharks occupy nursery areas and are small and

learning to hunt. Ontogenetic changes in diet have

been reported for the vast majority of species of shark

for which diet has been compared between size

classes and such changes appear to be a common

theme among populations of elasmobranchs (re-

viewed in Wetherbee and Cortés 2004). Increases in

the diversity, sizes, and behavioral characteristics of

teleost and other prey consumed as sandbar sharks

grow likely reflect several factors, including behav-

ior, habitat, physical capabilities, and energetic

requirements of sandbar sharks. These factors have

all been cited as potential contributors to ontogenetic

change in other shark species (Wetherbee et al. 1990;

Cortés and Gruber 1990; Lowe et al. 1996; Simp-

fendorfer et al. 2001; Alonso et al. 2002; Wetherbee

and Cortés 2004).

Stomach content data from sandbar sharks in Ha-

waii suggests that their diet varied with season, with

the most notable change being an increase in con-

sumption of crustaceans from winter to fall. The

occurrence of teleosts in stomachs of sandbar sharks

also declined during summer and fall. Seasonal var-

iation in diet has been reported for a number of other

species of shark (Talent 1976; Jones and Geen 1977;

Tricas 1979; Stillwell and Kohler 1982; Cortés et al.

1996). Seasonal changes in diet could reflect changes

in prey availability, or seasonal movements of prey or

predator.

Catch data indicated that male sandbar sharks

generally occurred in deeper water than females in

Hawaii. Wetherbee et al. (1994) also suggested that

male sandbar sharks inhabited deeper water than fe-

males based on average depth of capture. There is

some evidence that the sandbar shark population

structure and depth distribution changes during the

early summer when males frequent shallower water

than they normally inhabit, presumably to mate with

females, which have a shallower distribution. Weth-

erbee et al. (1994) found a higher CPUE for males

during summer than in spring and fall. However,

based on analyses of data collected there was little

evidence that differences in depth distribution

between mature male and female sharks in Hawaii

resulted in major differences between their diets. The

diet of male and female sandbar sharks showed a high

degree of overlap, with the possible exception of

males consuming a greater proportion of crustaceans.

Sandbar sharks segregate by size and sex in the

Western Atlantic (Springer 1960), South Africa (Cliff

et al. 1988) and in waters off Tunisia (Capapé 1984).

Segregation by sex and age class has been demon-

strated in several other carcharhinid sharks in Hawaii

(Wetherbee et al. 1996, 1997).

Conclusions

Overall, the diet of C. plumbeus shows similar pat-

terns in different geographic locations. Teleost fish

are the dominant prey, and sandbar sharks feed

largely on demersal species. The most important prey

categories other than teleosts vary between regions.
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Cephalopods, crustaceans or elasmobranchs are

major prey categories for sandbar sharks in different

geographic regions, and this probably reflects prey

availability and use of nursery areas. Crustaceans are

particularly important dietary items for young sand-

bar sharks in nursery areas, and definite ontogenetic

changes in diet occur in this species. Larger and faster

swimming prey species, as well as elasmobranchs

and cephalopods are consumed more frequently by

larger sharks. Despite the fact that these data are over

30 years old, they still provide a useful contribution

for improved understanding of the biology of this

heavily exploited species, particularly in the Hawai-

ian Islands, where it is the most common coastal

species of shark.
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